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ABSTRACT : PURPOSE: To keep an atmospheric gas flow in a furnace constant and obtain an optical 
fiber with hardly any fluctuation in wire diameter, by combining a discharge outlet of an 
inert gas in a gas diffuser and a flow passage communicating with the discharge outlet 
and preheating part so as to provide specific action. 

CONSTITUTION: A high-pressure part is formed by retention of flow in a space 
sandwiched between an upper sealing gas and lower sealing gas. Thereby, the upper 
sealing gas mainly discharges upward to seal the opening at the upper end of a diffuser 8 
from the outside air. The lower sealing gas mainly discharges downward to seal an 
opening 14 of a shutter provided at the opening of the lower end of the furnace body from 
the outside air. At this time, since the lower sealing gas is heated by radiant heat from the 
atmosphere in the furnace or furnace core tube 3 and heat transfer from the furnace body 
12, the gas flows down while minimizing the occurrence of turbulent flow without cooling 
an optical fiber preform 1 . Furthermore, the flow rate and flow velocity of the upper sealing 
gas and lower sealing gas can be respectively regulated to control the respective flows 
and enhance sealing effects. As a result, stabilization of the atmosphere in the furnace 
can be simultaneously contrived. 

COPYRIGHT: (C) JPO 



BNSOOCin <olP 4ni195>741A A.I > 



1*. 



- 1 - 

TRANSLATION FROM JAPANESE 



(19) JAPANESE PATENT-OFFICE (JP) 

(12) Official Gazette for Japanese Unexamined Patent Applications (A) 
(1 1) Japanese Unexamined Patent Application (Kokai) No. Hei 1-192741 

(43) Disclosure Date: August 2, 1989 

(51) Int. CI. 4 : Internal Office Registration Nos.: 

C03B 37/027 Z-8821-4G 

Request for Examination: Not yet submitted 
No. of Claims: 1 (Total of 7 pages) 

(54) Optical-fiber drawing furnace 

(21) Application No.: Sho 63-17437 

(22) Filing Date: January 29 5 1 98 8 

Hiroaki Takimoto 
Yokohama Seisakusho 
Sumitomo Denki Kogyo K.K. 
1 Tadani, Sakaeku, Yokohama, Kanagawa 
Sumitomo Denki Kogyo K.K. 
5-15 Kitahama, Higashiku, Osaka 
Hidetoshi Mitsuishi, patent attorney, and one other 

SPECIFICATION 

1 . Title of the invention 
Optical-fiber drawing furnace 

2. Claim 

Optical-fiber drawing furnace, characterized by consisting of a furnace core tube 
through which optical fiber base material is inserted vertically downward, a heater wound on 
the above furnace core tube, a furnace body surrounding the above furnace core tube and the 
heater, and a gas diffuser for an inert gas seal installed integrally at the upper open part of the 
above furnace body, wherein an inert-gas upper discharge opening and an inert-gas lower 
discharge opening positioned below the upper opening are installed on the inner wall of the 
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above gas diffuser, with flow paths independently connecting to the above upper discharge 
opening and lower discharge opening being installed inside the above gas diffuser and with 
one of the above flow paths reaching to the area above the lower discharge opening having a 
preheating part along the inner wall of the diffuser. 

3. Detailed explanation of the invention 

Industrial field of the application 

The present invention concerns an optical-fiber drawing furnace capable of drawing 
optical fibers with a small diameter fluctuation by keeping the atmosphere gas flow constant 
inside the furnace. 

Prior art 

In the case of drawing optical fibers by softening of the tip of an optical fiber base 
material in a rod shape in a furnace by heating and drawing, to prevent degradation of the 
parts inside the furnace and for stable manufacture of optical fibers of high quality, an inert 
gas is introduced from the upper part of the furnace for sealing the optical fiber base material 
and the drawn optical fiber part from the outside atmosphere in the furnace. In this method, it 
is most important that the inert-gas flow inside the furnace be a stable laminar flow. 
However, this is difficult to obtain, and various methods have been tried. For example, in 
Japanese Kokoku Patent Nos. Sho 52[1977]-1 17644 and Sho 53[1978]-72634, the structure 
of the diffuser, namely an opening for blowing inert gas onto the optical fiber base material, is 
improved to obtain a laminar flow distribution state. Also, before introduction into the 
furnace, the inert gas is heated to a temperature close to the furnace interior temperature for 
stable flow inside the furnace as shown in Japanese Kokoku Patent No. Sho 52[1977]- 
1 19949. Such prior-art technology is shown in Figures 4 and 5. 

This optical-fiber drawing furnace consists of comprising a furnace core tube (3) 
through which optical fiber base material (1) is inserted vertically downward, a heater (2) 
wound on the above furnace core tube, a diffuser (8) integrally installed at the upper edge of 
the furnace core tube (3); a flow rate control (4), flowmeter (5) and inert gas heater (6) 
connected in the that order in the flow direction in the middle of flow path for feeding the 
inert gas are fitted to the diffuser (8) with its bottom (10) making contact the upper end of the 
furnace core tube (3). As shown in Figure 5, the diffuser (8) has a hollow ring structure; its 
outer wall is connected to the inert gas feeding pipe (1 1) at one point, discharging the inert 
gas from the entire inner wall through the continuous foam (9). 
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In using this drawing furnace, by the heater (2), the atmosphere inside the furnace tube 
(3) is heated to the desired temperature, then the inert gas for a seal is heated by the heater (6) 
to a temperature close to that of the furnace core tube (3) interior, while the feeding flow rate 
is optimized by the flowmeter (5) and flow rate control (4). The optical fiber base material 
(1) is then lowered through the furnace core tube (3) and drawn to obtain the optical fiber (7). 

Problems to be solved by the invention 

In the example of the prior art for the optical-fiber drawing furnace shown in Figure 4, 
when the optical fiber base material (1) is heated and drawn, an inert gas is introduced from 
the upper part of the furnace and the optical fiber base material (1) and the drawn optical fiber 
(7) are sealed from the outside atmosphere. However, the furnace interior temperature 
needed for drawing heat-softened optical fiber base material (1) exceeds 2000°C, and a strong 
convection current is formed in the furnace inside atmosphere from the lower opening to the 
upper opening of the furnace. This collides with the inert gas introduced from the furnace 
top, at the middle of the furnace interior, producing turbulence. This turbulent flow imparts 
stress directly onto the optical fiber (7) drawn to a fine diameter; at the same time, heat is 
removed from the front end of the heat-softened optical fiber base material (1), creating a 
localized temperature gradient, leading to internal stress formation. As a result, the 
fluctuation in the diameter of the drawn optical fiber (7) is increased. Thus, to maintain the 
gas flow inside the furnace in the laminar flow state, as shown in the prior art shown in 
Figures 4 and 5, efforts have been made to improve the shape of the diffuser (8) for the inert 
gas and to heat the introduced inert gas by the heater (6) to a temperature close to the furnace 
interior temperature. The conventional diffuser (8) shown in Figure 5 has a hollow ring 
structure, with inert-gas feed tube (1 1) being connected to one site on the outer wall in such a 
way that the inert gas is discharged from the entire inner wall through a continuous foam (10). 
When the inert gas is discharged from the discharge opening of the diffuser (8), it blows 
almost perpendicular to the outer surface of the optical fiber base material (1); the upper layer 
of the flow is led to the upper part of the diffuser (8) and the lower layer of the flow is led to 
the lower part of the diffuser (8) and fed into the furnace core tube (3), resulting in sealing of 
the upper and lower ends of the furnace from the outside atmosphere. In this case, since the 
inert gas fed into the furnace is already heated by the heater (6) shown in Figure 4 to a 
temperature close to the furnace interior temperature, the localized convection flow caused by 
the temperature difference from the heated atmosphere inside the furnace can be prevented, 
and the turbulent flow formed at the interface of the inert gas flowing in and the heated 
atmosphere can be totally stabilized. However, the problems caused by the temperature 
difference between the inert gas flowing in and the heated atmosphere inside the furnace 
concerns only the inert-gas flow divided downward after blowing of the inert gas discharged 
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from the inner wall of the diffuser (8) of Figure 4 onto the optical fiber base material (1). 
Namely, the inert-gas flow divided upward is readily discharged from the upper opening of 
the furnace, so this flow has the action of sealing mainly the upper opening part of the 
furnace, with entirely no direct influence on stabilization of the atmosphere inside the 
furnace. Therefore, preheating the inert gas that is discharged from the diffuser (8) and 
divided upward on the outer surface of the optical -fiber base material (1) is not necessary, and 
doing so will only bring about an increased operating cost. Also, in the conventional drawing 
furnace shown in Figure 4, a heater (6) for dedicated preheating of the inert gas is installed. 
This is not efficient in terms of excess heat utilization of the heater (2) inside the furnace, 
namely, the overall energy efficiency of the entire apparatus. To enhance the seal effect by 
the inert gas and to maintain the laminar flow state of the inert gas inside the furnace, it may 
be necessary to optimize the flow rate of each of the flow upward and flow downward along 
the optical fiber base material (1). However, in the diffuser (8) for the conventional drawing 
furnace shown in Figure 5, the inert gas is discharged from a single discharge opening and 
blown to the outer surface of the optical fiber base material (1), then divided into upper and 
lower flows, so there is the problem of difficulty in controlling each flow independently. 

Means for solving the problems 

The optical-fiber drawing furnace of the present invention is characterized by 
consisting of a furnace core tube through which optical fiber base material is inserted 
vertically downward, a heater wound on the above furnace core tube, a furnace body 
surrounding the above furnace core tube and the heater, and a gas diffuser for an inert gas seal 
installed integrally at the upper open part of the above furnace body, wherein an inert-gas 
upper discharge opening and an inert-gas lower discharge opening positioned below the upper 
opening are installed on the inner wall of the above gas diffuser, flow paths independently 
connected to the above upper discharge opening and lower discharge opening are installed 
inside the above gas diffuser, with one of the above flow paths reaching to the above lower 
discharge opening having a preheating part along the inner wall of the diffuser. 

Function 

The inert gas from the two types of discharge openings installed on the inner 
wall of the diffuser is discharged to the outer surface of the optical fiber base 
material inserted into the preheated furnace inside atmosphere. Namely, from the 
upper discharge opening installed on the upper part of the inner wall of the diffuser, 
the inert gas led through the flow path of the diffuser interior is discharged and flows 
out mainly to the upper part along the optical fiber base material, creating a sealing 
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effect at the upper end opening of the diffuser. From the lower discharge opening 
positioned below the upper discharge opening, the inert gas led through the 
preheating part formed along the diffuser inner wall of the diffuser inner flow path is 
discharged and mainly flows down along the optical fiber base material, creating a 
sealing effect at the lower end opening of the furnace body. While the inert gas 
discharged from the lower discharge opening passes through the preheating part 
formed along the diffuser inner wall of the diffuser inner flow path, the atmosphere 
inside the furnace is heated by the heat from the furnace body, thus the temperature 
difference from the heated atmosphere inside the furnace is reduced without 
needing an independent heater. As a result, the turbulent flow formed by collision of 
the inert gas, flowing down the furnace interior after being discharged from the lower 
discharge opening, with the atmosphere inside the furnace is effectively suppressed. 
Since the upper discharge opening and lower discharge opening are connected to 
independent inlets, the inert gas flowing through the inlets can be controlled to 
obtain optimum flow states. 



Practical example 

An example of the present invention is illustrated by the schematic cross-sectional 
diagram of Figure 1, consisting of a furnace core tube (3) through which optical fiber base 
material (1) is inserted vertically downward, a heater (2) wound on the above furnace core 
tube, a furnace body (12) surrounding the above furnace core tube (3) and the heater (2), a 
shutter (13) attached to the lower opening of the furnace body (12) and that has an optical 
fiber (7) discharge outlet (14), and a gas diffuser (8) for an inert gas seal installed integrally at 
the upper open part of the above furnace body (12). 

The above diffuser (8) has the following constitution. Namely, as shown in Figure 2, 
a circular lower end barrier wall (17) is integrally placed at the upper end of the furnace body 
(12), and on the upper end of the lower barrier wall (17), a cylindrical lower outer barrier wall 
(1 8) is formed as an integral structural part vertical to the lower barrier wall (17). At the 
upper end of the lower barrier wall (17) inside the lower outer barrier wall (18), as an integral 
structural part with the lower barrier wall (17), the lower inner barrier wall (19) vertical to the 
lower barrier wall (17) is formed concentrically with respect to the lower outer barrier wall 
(18). In the space surrounded by the lower outer barrier wall (18), lower barrier wall (17), 
and lower inner barrier wall (19) a cylindrical lower inner barrier wall (21) having a diameter 
larger than the outer diameter of the lower inner barrier wall (19) and smaller than the inner 
diameter of the lower outer barrier wall (18) is installed concentrically with respect to the 
lower outer barrier wall (18) and the lower inner barrier wall (19); the flange (22) installed on 
the upper end of the the lower inner barrier wall (21) is fixed in an airtight manner on the 



flange (20) installed on the upper end of the lower outer barrier wall (18). The space (33) 
surrounded by the lower outer barrier wall (1 8) and the outer surface of the lower inner 
barrier wall (21) and the space (34) surrounded by the inner surface of the lower inner barrier 
wall (21) and outer wall of the lower inner barrier wall (19) each form the inert-gas flow 
paths (33, 34) with a uniform width in the inner wall direction. Here, at the outer surface 
upper part of the lower inner barrier wall (21), a circular protrusion part, namely, lower inert- 
gas narrowing part (31) is installed, thus the inert-gas flow path (33) formed by the inner 
surface of the lower outer barrier wall (18) and the outer surface of the lower inner barrier 
wall (21) is narrowed over the entire circular periphery near its inlet, and the gas flow led to 
the lower inlet tube (16) is narrowed by the above inert-gas narrowing part (31) and 
transformed into a uniform flow along the entire circular periphery. 

At the upper part of the above lower inner barrier wall (21), the upper inner barrier 
wall (23) having about the same inner diameter as the lower inner barrier wall (21) is 
concentrically and integrally installed; the flange (24) installed at the lower end of the upper 
inner barrier wall (23) is fixed to the flange (22) installed at the upper end of the lower inner 
barrier wall (21). The integral wall surface, with the same inner diameter formed by the inner 
surface of the upper inner barrier wall (23) and the inner surface of the lower inner barrier 
wall (21), and the space (34) surrounded by the outer surface of the lower inner barrier wall 
(19) at about the same length form preheated flow path (34) of the inert gas having a uniform 
width in the inner periphery direction. With this flow path (34), the inert-gas flow is heated 
by the heat from the furnace interior via the inner surface of the lower inner barrier wall (19) 
directly in contact with the atmosphere inside the furnace, then a uniform high-temperature 
seal gas is discharged onto the entire periphery of the optical fiber base material (1) from the 
lower discharge opening (29) formed by the inner flange (25) installed as an integral 
structural part with the upper inner barrier wall (23) at the upper end of the upper inner barrier 
wall (23) and the upper end of the lower inner barrier wall (19). Outside the above upper 
inner barrier wall (23), the cylindrical upper outer barrier wall (26) having a diameter larger 
than the outer diameter of the upper inner barrier wall (23) is wound concentrically with 
respect to the upper inner barrier wall (23); the flange (27) installed at the lower end of the 
upper outer barrier wall (26) is fixed in an airtight manner to the flange (24) installed at lower 
end of the upper inner barrier wall (23). The space (35) between the outer surface of the 
upper inner barrier wall (23) and the inner surface of the upper outer barrier wall (26) forms 
the inert-gas flow path (35) having a uniform width in the inner periphery direction. At the 
outer surface lower part of the upper inner barrier wall (23), a circular protrusion part, 
namely, upper inert-gas narrowing part (32) is installed. By this upper inert-gas narrowing 
part (32), the inert-gas flow path (35) formed by the inner surface of the upper inner barrier 
wall (23) and the inner surface of the upper outer barrier wall (26) is narrowed over the entire 
periphery near its inlet; the gas flow led from the upper inlet tube (15) is narrowed by the 
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above upper inert-gas narrowing part (32) and is transformed into a uniform flow along the 
entire periphery. This flow rises through the flow path (35) formed by the above upper outer 
barrier wall (26) and the upper inner barrier wall (23), passes through the flow path (36) 
formed by the upper end barrier wall (28) installed at the upper end of the upper outer barrier 
wall (26); which is an integral structural part with the upper outer barrier wall (26) and inner 
flange (25) installed as an integral structural part with the upper inner barrier wall (23) at the 
upper end of the upper inner barrier wall (23), then is discharged from the upper discharge 
opening (30). 

The upper seal gas that is discharged from the upper discharge opening (30) and 
blown evenly onto the outer surface of the optical fiber base material (1) is divided into upper 
and lower flows on the outer surface at the same time, the lower seal gas discharged from the 
lower discharge opening (29) i$ similarly divided. Thus, the flow dwells in the space between 
the upper seal gas and lower seaT gHS, creating a high pressure part. As a result, the upper seal 
gas flows out mainly upward, sealing the upper opening part (37) of the diffuser (8), and the 
lower seal gas flows out mainly downward, sealing the opening part (14) of the shutter 
installed at the lower end opening part of the furnace body from the outside atmosphere. At 
this time, the lower seal gas is heated by the preheated atmosphere inside the furnace or by 
radiative heat from the furnace core tube (3) and the convection heat from the furnace body 
(12), minimizing the formation of turbulent flow and flowing down the furnace interior 
without cooling the optical fiber base material (1). These upper and lower seal gases can be 
controlled individually with respect to the flow rate for improved sealing effects with 
stabilization of the atmosphere inside the furnace, thus the drawn optical-fiber (7) diameter 
fluctuation can be reduced. 

While one seal-gas inlet tube is installed for each lower and upper seal gas in the 
above example, additional inlet tubes can be installed to obtain a flow uniform in the 
direction of the periphery, and the narrowing effects can be controlled by changing the shape 
and position of each narrowing part (31, 32) of the seal-gas flow paths (33, 35). Also, the 
preheating flow path (34) for preheating the lower seal gas can be increased in the heat 
conduction area by changing the cylindrical path flow path of the above example into a wavy 
form. The outer surface of the lower inner barrier wall (19) may be fitted with spiral fins, 
making the preheating flow path into a spiral form, or a number of plate fins can be installed 
in the upright direction on the outer surface of the lower inner barrier wall. The heating 
effects may be increased by placing the preheating flow path (34) close to the heater (2) inside 
the furnace body (12). Also, for example, in the structural part, the upper inner barrier wall 
(23) and the lower inner barrier wall (21) may be made into an integral structural part. A 
complicated structure is of no concern as long as an inert-gas upper discharge opening (30) is 
installed at the upper part of the inner wall of the diffuser (8), the inert-gas lower discharge 
opening (29) is installed at the lower position, an individual flow path is connected to each 
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discharge opening inside the diffuser (8), and the flow path reaching the lower discharge 
opening (29) has a preheating part along the inner wall of the diffuser (8). 

Effects of the invention 

According to the optical-fiber drawing furnace of the present invention, flow paths 
and inlet tubes are independently connected to two types of seal-gas discharge openings for 
sealing the optical fiber base material to be drawn and to separate the optical fiber itself from 
the outside atmosphere in the furnace, so that each seal gas discharged independently from 
the two types of openings seals the upper opening part and lower opening part of the drawing 
furnace from the outside atmosphere. It is possible to control the flow rates of the two types 
of seal gases independently, to attain near perfect sealing effects at the upper opening part and 
lower opening part of the drawing furnace. At the same time, the seal gas flowing down the 
furnace core tube interior can be independently controlled with respect to the flow amount 
and flow speed, to easily promote a stable laminar flow. Also, the seal gas flowing down 
inside the drawing furnace is preheated by the preheating part formed along the inner wall 
surface of the diffuser to make forming a turbulent flow with the hot atmosphere inside the 
furnace difficult, and the optical fiber diameter fluctuation can be suppressed without cooling 
the optical-fiber base material. It is not necessary to install an independent heater to heat the 
seal gas, the excess heat from the furnace body is utilized, and it is not necessary to heat even 
the upper seal gas as in the conventional process, thus the overall energy efficiency is 
enhanced, resulting in a reduced operation cost. 



4. Brief description of the drawings 

Figure 1 is a cross-sectional diagram illustrating an approximate structure of an 
example of the optical-fiber drawing furnace of the present invention. Figure 2 is a detailed 
cross-sectional diagram of the diffuser part of the optical-fiber drawing furnace shown in 
Figure 1. Figure 3 is a cross-sectional diagram along the line A- A of the diffuser part of the 
optical-fiber drawing furnace shown in Figure 2. Figure 4 is a cross-sectional diagram 
illustrating an approximate structure of a conventional optical-fiber drawing furnace. Figure 
5 is a detailed cross section diagram of the diffuser part of the optical-fiber drawing furnace 
shown in Figure 4. 



1 . . . optical fiber base material 

2 ... heater 

3 . . . furnace core tube 
8 . . . diffuser 



12 ... furnace body 

19 . . . lower inner barrier wall 

25 . . . inner flange 

29 . . . lower discharge opening 

30 . . . upper discharge opening 
33, 34 . . . inert-gas flow path to 
35, 36 ... inert-gas flow path to 



the lower discharge opening 
the upper discharge opening 




Figure 1 
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Figure 4 
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Figure 5 
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